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The preparation and characterisation of the title complex, CoL,, is reported. The crystal structure 
determination shows that the complex has three-fold symmetry and that the three ligands each 
coordinate via the ketonic oxygen (Co-0 1.931(4) A) and oximic nitrogen atoms (Co-N 1.892(4) A) 
such that the overall configuration about the cobalt atom is fac. Crystals of CoL, are trigonal, space 
group R3c, a = 18.645(5), c = 14.08(1) A, V =4237(2) A3 and Z = 6. The structure was refined by 
a full-matrix least-squares procedure to R ,  = 0.03 1 for 741 observed reflections. 
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INTRODUCTION 

Cobalt(II1) complexes continue to receive a t ten t i~nl -~  owing to cobalt(II1) com- 
plexes having played a pivotal role in the development of inorganic chemistry, the 
presence of a cobalt(II1) centre in vitamin B,,, and the use of cobalt(II1) complexes 
are catalysts in the synthesis and hydrolysis of peptides.’~~ Further, a number of 
isonitrosoketones and related nitrosophenol ligands are used as analytical reagents.’ 
Transition metal complexes of the latter ligands8y9 are potential models for metal 
binding sites in the naturally occurring, iron-containing pigment ferroverdin. 
They also find industrial applications as dyes and as light-absorbing agents for the 
acceleration of the solar evaporation of water.12 In view of the general importance 
of cobalt(II1) complexes and of the metal complexes of isonitrosoketones and 
nitrosophenols, an investigation of their chemistry and structural characteristics has 
been undertaken. The synthesis, spectroscopic characterisation and X-ray structure 
determination of tris[methyl-2-(hydroxyimino) acetoacetato]cobalt(III) has been 
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reported recently' as has the characterisation of tris[ethyl-2-(hydroxyimino) 
acetoacetato]cobalt(III). l4 As an extension of these previous studies, the prepara- 
tion, spectroscopic characterisation and crystal structure determination of the 
tris[ 1 -phenyL2(hydroxyimino)- 1,3-butanedionato]cobalt(III) complex, hereafter 
CoL,, is reported herein. 

EXPERIMENTAL 

Synthesis 
The ligand 1 -phenyl- 1,2,3-butanetrione 2-oxime was prepared according to the 
literature pr~cedure. '~ When an ethanolic solution of the ligand (2 molar equiva- 
lents) was mixed with an aqueous solution of 1.05 molar equivalents of cobaltous 
acetate (analytical grade) and stirred for two hours, an orange-yellow solid 
precipitated out. The solid, COL,, was filtered, washed with water and air-dried; the 
yield was quantitative. Single crystals suitable for the X-ray study were grown by the 
slow evaporation of an acetone/chloroform (111) solution of the compound. 

Instrumentation 
Infrared spectra were obtained on a Perkin Elmer 1430 spectrometer. 'H NMR 
spectra were recorded in CDC1, solution using TMS as internal reference on a 
Varian EM 390L spectophotometer. C, H, and N were determined microanalyti- 
cally on a Perkin Elmer 2400 CHN analyser. Details of the characterisation may be 
found in Table 1. 

Crystallography 
Intensity data for an orange crystal (0.16~0.24~0.24 mm) were measured at room 
temperature on a Rigaku AFC6R diffractometer fitted with graphite monochrom- 
atized MoKa radiation, h = 0.71073 A, employing the 0:28 scan technique such 
that Om,, was 27.5". The 2378 measured data were corrected for Lorentz and 
polarisation effects' and for absorption effects (range of transmission factors: 
0.945-1.080).17 Of the reflections measured, 1201 were unique and of these 741 
satisfied the 123.Oo(I) criterion of observability and were used in the subsequent 
analysis. 

Table 1 Physico-chemical data for CoL,. 

Colourlm .p . 
Solubility Insoluble in water but soluble in conventional organic 

Elemental analyses 

'H NMR (6, ppm) 
"C NMR (6, ppm) 209.2(MeC=O); 187.3 (PhC=O); 153.7 (C=N); 135.3, 

Orange-red needles, 21 5'C (dec.) 

solvents 
Found: C, 57.15; H, 3.88; N, 6.75%. 
Calcd. for C,,H,,CoN,O,: C, 57.23; H, 3.82; N, 6.68%. 

2.50 (s, CH& 770 (m, C,HJ 

134.2, 129.4, 129.0 (Ph); 25.9 (Me) 

IR (cm-') v(C=O) 1655, v(C=N) + v(C=O) 1575, v ( N - 0 )  1300 
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Crystal data for COL~,  C oH,,CoN309, M = 629.5, trigonal, space group R3c, u = 

18.645(5), c = 14.08(1) A, V = 4237(2) A3, 2 = 6,  D,, = 1.480 g ~ m - ~ ,  p = 6.69 
cm-'. 

The structure was solved by direct methodsI8 and refined by a full-matrix 
least-squares procedure based on F. l 6  Non-H atoms were refined with anisotropic 
thermal parameters and H atoms were included in the model at their calculated 
positions. At convergence, R = 0.03 1 and R, = 0.03 1 (sigma weights). The absolute 
structure was determined by refining the inverted structure and comparing the 
residuals. The analysis of variance showed no special features and the maximum 
electron density peak in the final difference map was 0.18 e A-3. Fractional atomic 
coordinates are listed in Table 2, selected interatomic parameters are given in Table 
3 and the numbering scheme employed is shown in Figure 1 which was drawn with 
the ORTEP program with 30% probability ellipsoids.' Listings of thermal 
parameters, H atom parameters, all bond distances and angles, and structure factor 
amplitudes are available on request from ERTT. 

RESULTS AND DISCUSSION 

Whereas Ponzio2' reported the formation of a cobaltous complex with l-phenyl- 
1,2,3-butanetrione 2-oxime (as with other derivatives), Taylor and Ewbank' 
reported the cobaltic complex with the same sligand. The molecular weight 
determination of the complex in benzene solution, i.e., 540, is lower than the 
theoretical value of 629 and therefore some doubt as to its preparation exists. The 
elemental analysis of the complex reported here (see Table 1) corresponds to the 
proposed formula Co(C, oH8N03)3, indicating that the cobalt(I1) precursor has been 
oxidised to cobalt(II1). On the basis of infrared results, which show a lowering of the 
C = O  stretching frequency and an increase in the N - 0  stretching frequency, as 
compared to the corresponding values of the free ligand, coordination to the cobalt 
atom via the nitrogen atom and one of the carbonyl oxyten atoms is indicated. The 
possibility of fuc or mer isomers also exists. Support for the fuc isomer is gained 

Table 2 Fractional atomic coordinates for CoL,. 

Atom x/a y/b z/c 
~ 

c o  0 0 0.1554(-) 
O(1) -0.0184(2) 0.0739(2) 0.0762(2) 
o(3) 0.1040(2) 0.1005(2) 0.3010(3) 
a 4 1  0.1690(2) 0.3036(2) 0.1926(3) 
N(3) 0.065 l(2) 0.0970(3) 0.2276( 3) 
C(2) 0.0219(3) 0.1477(3) 0.1039(3) 
C(2') 0.0207(3) 0.2 136(3) 0.0456(4) 
C(3) 0.0665(3) 0.1643(3) 0.191 O(4) 
C(4) 0.1 135(3) 0.2477(3) 0.2375(3) 
C(5) 0.0877(3) 0.2615(3) 0.33 I2(4) 
C(6) 0.0204(3) 0.1999(3) 0.3794(4) 
C(7) -0.0043(4) 0.2 156(4) 0.4658(5) 
C(8) 0.0378(4) 0.2940(4) 0.5038(4) 
C(9) 0.106514) 0.3555(3) 0.4585(4) 
C( 10) 0.13 lO(3) 0.3397(3) 0.3720(4) 
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Table 3 Selected bond distances (A) and angles (") for CoL,.' 

co-O( 1 1 ) 
O( 1 )-C(2) 
0(4)-C(4) 
C( 2)-C(2') 
C(3)-C(4) 
O( I )-co-O( 1 )' 
O( 1 )-CO-N( 3)' 
N(3)-Co-N( 3)' 
Co-N(3)-0( 3) 
O( 3)-N( 3)-C( 3) 
N(3)-C( 3)-C(2) 
C(3)-C(4)-0(4) 

1.93 l(4) 
1.255(6) 
1.216(5) 
1.487(6) 
1.500( 6) 
90.1(2) 
92.9(2) 
93.9(2) 
125.1(3) 
121.9(4) 
112.9(4) 
117.9(4) 

Co-N(3) 
0(3)-N(3) 
N(3)-C(3) 
W)-C(3) 
C(4)-C(5) 
O( I)-CO-N(3) 
O( 1 )-CO-N(3)" 
co-O( 1)-C(2) 
Co-N(3)-C(3) 
O( I)-C(2)-C(3) 
N( 3)-C( 3)-C( 4) 
C(3 )-C(4)-C( 5) 

1.892(4) 
1.244(5) 
1.346(6) 
1.425(7) 
1.470(6) 
83.5(2) 
172.9(2) 
112.4(3) 
112.9(3) 
118.1(4) 
12 1.9(4) 
120.1I4) 

*Symmetry operations: one prime: -y, x-y, z; two primes: -x + y ,  -x, z. 

from the 'H NMR spectrum which reveals one resonance only in the methyl region. 
Geometrical exchange on the 'H NMR time scale may be excluded22 as the 
inertness of the low spin cobalt(II1) complex is not in favour of a fac e mer 
equilibrium involving bond rupture at room t e m p e r a t ~ r e . ~ ~  The electronic spec- 
trum, recorded in both methanol and chloroform solutions, reveal charge-transfer 

0 4  

Figure 1 Molecular structure and crystallograpic numbering scheme for CoL,. 
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A FERROVERDIN-LIKE COMPLEX 229 

transitions within the range found for other closely related complexes;24 the 
charge-transfer bands obscure the d-d bands. A crystal structure analysis of CoL, 
was undertaken in order to provide precise geometric parameters for this complex. 

The molecular structure of COL, is illustrated in Figure 1 and selected inter- 
atomic parameters are listed in Table 3. The cobalt atom is located on a 
crystallographic three-fold axis and thus there is only one independent ligand anion 
as labelled in Figure 1. There are no significant contacts in the crystal lattice with 
the closest non-hydrogen contact occurring between the O(4) and C(8)"' atoms of 
3.167(7) A (symmetry operation: - x+ y ,  + y,  - 0.5 + z). From the crystallographic 
symmetry, a fuc isomer is implied. The Co-O( 1) and Co-N(3) bond distances are 
1.931(4) and 1.892(4) A, respectively and the O(l)-Co-N(3) chelate angle is 
90.1(1)'. The geometry about the cobalt atom is slightly distorted from the ideal 
octahedral with the maximum distortion being manifested in the O( I)-Co-N(3)'' 
angle of 172.9(2)" (symmetry operation: -x+y,-x,  z). The resultant m N  ring 
that is formed upon chelation of the anion is effectively planar with the mean 
deviation of the atoms from the least-squares plane through them being 0.018 A. 
The ligand itself is not planar, however, as seen in the magnitude of the 
N( 3)/C( 3)/C(4)/0(4) and N( 3)/C(3)/C(4)/C( 5) torsion angles of 1 1 9.0( 5 )  and 
-65.8(6)', respectively. The length of the C(3)-C(4) bond (lSOO(6) A) also 
indicates the possibility of free rotation about this bond and the lack of conjugation 
between the benzyl group and the remaining portion of ligand. By contrast, there is 
strong evidence for the delocalisation of n-electron density over the O( 3)-N(3)-C(3)- 
C(2)-O(1) atoms. This is indicated, in particular, by the magnitude of the N(3)-C(3) 
and C(2)-C(3) bond distances of 1.346(6) and 1.425(7) A, respectively. The present 
report detailing the crystal structure for COL, enables a comparison of the derived 
interatomic parameters for three complexes with the general formula 
Co[RC( = O)C( = NO)C( = O)Me],, R = Ph (this work), Me,25 and OEt.I4 

The three structures each feature a fuc-tris (A? O-chelate) configuration. In the 
absence of steric constraints in these complexes, the fuc isomer would be preferred 
to accommodate the complementary bonding requirements of the nitrogen and 
oxygen atoms which occupy trans positions. The range of Co-0 bond distances in 
the R = OEt structure is 1.894(4) to 1.904(5) A and the range of Co-N bond 
distances is 1.857(6) to 1.861(6) A.14 The comparable ranges for the R = Me 
complex, for which two independent molecules comprise the asymmetric unit, are 
1.915(7) to 1.937(6) A and 1.864(9) to 1.90(1) A, re~pectively.~~ Although the 
respective ranges overlap for the R = Me and Ph compounds, the increase in the 
Co-0 and Co-N bond lengths in the three complexes may be correlated with 
decreasing inductive effect of the R groups in the order Ph>Me>OEt. The slight 
differences in the coordinating abilities of the anions are also reflected in small 
changes associated with the N( 3)/C( 3)/C(2)/0(2) torsion angles that decrease from 
6.1 O for R = Ph, to 3.4" for R = Me and 1.8" for R = OEt (average values). 
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